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(54) DISPLAY ELEMENT AND DRIVING METHOD THEREFOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a new driving system 
capable of sufficiently suppressing flickers even if a driving frequency 
of a driving element is lowered. 

SOLUTION: In the display element provided with at least a group of 
pixel sets having light modulation media and pixel electrodes, and a ^ ? 
voltage applying means for sequentially selecting specific pixels from 
the group of pixel sets and applying signal voltages to them according 
to image signals, such a relation is established as that the signs of 
differential coefficients df(t)/d(t) of a differentiated real function f(t) 

expressing the time variation of output light intensity after the signal ^ r 2 3,43 
voltages have been applied are opposite to each other across at least 
one adjacent pixel of a particular pixel. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[The technical field to which invention belongs] this invention relates to the display which used a display device and 
this, and its drive method. 

[Description of the Prior Art] Although there are various kinds of electronic displays, the principle of projecting an 
animation is universal by rewriting a picture with a predetermined period. Such rewriting frequency of the picture of an 
electronic display is usually set as 60 Hertz or more. By less than 60 Hertz, although this is because people's eyes 
become sensitive about a flicker, in order to reduce the tiredness of an eye, it is earlier than 60 Hertz, for example, it is 
necessary to set it as the rewriting frequency of about 120 Hertz on the display which needs to gaze at a screen for a 
long time [, such as VDT work, ]. 

[0002] By the way, the power consumption of a display device writes in with applied voltage, and is proportional to 
frequency. Therefore, the time when, as for a cellular phone or OA equipment, rewriting frequency shows the few still 
picture of movement which is not although power consumption becomes small in a low is long. Moreover, since 
devices, such as a cellular phone, use a battery as a power supply, it is desirable to make rewriting frequency low as 
much as possible, and to lessen power consumption. However, a flicker becomes easy to be conspicuous when 
rewriting frequency is lowered. Therefore, also in a still picture with gazing [ much ] at a screen, suppressing a flicker, 
in order to lessen tiredness of an eye, frequency is reduced and if it is there is nothing. 

[0003] Here, on television of CRT, the interlace drive which writes in image information every other line and is VvTitten 
in a fiill screen by two scans is adopted. According to the interlace drive, even if it holds down one frame which 
rewrites a fiill screen to 30 Hertz, since the color of the same brightness as many cases is displayed, by the pixel of a 
contiguity line, apparent rewriting frequency becomes 60 Hertz and a flicker is not impressed. Such a principle is 
adopted also in the liquid crystal display. 

[0004] However, in being the person to whom the candidate for a display had the shirt of a disk on when an interlace 
drive was adopted, brightness differs greatly in a contiguity Une. Therefore, apparent frequency will not be RF-ized but 
a flicker will arise into the portion of a disk. 
[0005] 

[Problem(s) to be Solved by the Invention] Thus, with the above-mentioned conventional technology, it does not fiilly 
fimction depending on the kind of picture. Moreover, since the above-mentioned conventional technology is a method 
which shifts a phase on the occasion of the writing to a ****** pixel, and RF-izes brightness change seemingly, if 
drive frequency is lowered too much, it will become impossible to fully suppress a flicker and display quality will 
deteriorate. Therefore, with the conventional technology, the purpose of reducing power consumption cannot fiilly be 
attained, maintaining display quality. The invention in this application aims at solving the technical problem of such 
conventional technology. 
[0006] 

[Means for Solving the Problem] In this invention of the following composition, the amplitude of brightness change of 
the adjoining pixel itself is suppressed. Therefore, while the flicker prevention effect is large, display quality is not 
injured even if it lowers frequency. Therefore, according to this invention, a display device with few flicker with small 
power consumption is realizable. 

[0007] The set group of the pixel in which this invention display device according to claim 1 has a hght modulation 
medium and a pixel electrode. It is the display device equipped with a voltage impression means to choose a specific 
pixel from the aforementioned pixel set group one by one, and to impress the signal level according to the picture 
signal, each pixel in the aforementioned pixel set group The sign of differential coefficient df(t)/d (t) which 
differentiated real variable fimction f (t) which expresses with-time change of the output light intensity after the 



aforementioned signal level was impressed among at least one adjoining pixel is characterized by consisting of 
relations it is mutually unrelated to it being reverse. 

[0008] Since the amplitude of a time change of brightness is suppressed between the adjoining pixels according to this 
composition, it is hard to produce a flicker. Moreover, the driver voltage of a display device can fully be reduced 
without generating a flicker according to this composition, since the effect that the amplitude of a time change of 
brightness is suppressed is similariy acquired even if drive frequency becomes small. Therefore, according to this 
composition, a display device with little power consumption is realizable. 

[0009] Moreover, in a display device according to claim 1, the display unit which are two adjoining pixels which stand 
on the relation in which the sign of aforementioned differential coefficient df(t)/d (t) becomes reverse mutually, and 
displays the same picture element is constituted, and this invention display device according to claim 2 is characterized 
by the aforementioned voltage impression means being what impresses the signal level according to the picture signal 
for every display unit concerned. 

[0010] Since the amplitude of a time change of brightness is certainly suppressed as it is this composition, the flicker 
prevention effect is large. 

[001 1] Moreover, in a display device according to claim 2, for the display state at the time of the non-electric field of 
two pixels which constitute a display unit, one side is in the Ming state, and this invention display device according to 
claim 3 is characterized by what another side is in a dark state. 

[0012] Since the amplitude of a time change of brightness is further suppressed as it is this composition, generating of 
a flicker is suppressed notably. 

[0013] Moreover, this invention display device according to claim 4 is characterized by what a Ught modulation 
medium is hquid crystal in a display device according to claim 1 to 3. 

[0014] Since power consumption is lightweight few, although the hquid crystal display element is convenient as a 
display device for pocket devices which uses a battery as a power supply, if this invention is applied to such a liquid 
crystal display element, since much more low-power-ization can be measured with prevention of a flicker, the 
availability as a pocket device increases. 

[0015] Moreover, this invention display device according to claim 5 is characterized by what consists of relations in 
which the sign of differential coefficient df(t)/d (t) which differentiated real variable function f(t) to which all the 
pixels adjoined in the aforementioned pixel set group express with-time change of the output Ught intensity after the 
aforementioned signal level was impressed becomes reverse mutually in a display device according to claim 1 . 
[0016] A flicker can be certainly suppressed as it is this composition. 

[0017] Moreover, in a display device according to claim 5, the display unit which are two adjoining pixels which stand 
on the relation in which the sign of aforementioned differential coefficient df(t)/d (t) becomes reverse mutually, and 
displays the same picture element is constituted, and this invention display device according to claim 6 is characterized 
by what the aforementioned voltage impression means impresses the signal level according to the picture signal for for 
every display unit concerned. 

[0018] One side is characterized by what another side is in a dark state in the state of Ming by the display state at the 
time of the non-electric field of two pixels which constitute a display unit. 

[0019] Moreover, this invention display device according to claim 8 is characterized by what a Ught modulation 

medium is liquid crystal in a display device according to claim 5 to 7. 

[0020] Next, this invention composition conceming the drive method is indicated. 

[0021] The set group of the pixel in which this invention drive method according to claim 8 has a light modulation 
medium and a pixel electrode, Among at least one pixel which a specific pixel is chosen as from the aforementioned 
pixel set group one by one, and is equipped with a voltage impression means to impress the signal level according to 
the picture signal, and each pixel in the aforementioned pixel set group adjoins It is the drive method of driving the 
display device which consisted of relations in which the sign of differential coefficient df(t)/d (t) at the time of 
differentiating real variable function f (t) showing with-time change of the output hght intensity after the 
aforementioned signal level was impressed becomes reverse mutually. It is characterized by what drive frequency 
which impresses the aforementioned signal level is made into less than 60 Hertz for. 
[0022] According to this drive method, a flicker can be suppressed and power consumption can be reduced. 
[0023] Moreover, this invention drive method according to claim 10 is characterized by what the signal level which the 
gamma characteristics which specify the correspondence relation between a picture signal and a signal level were 
changed with at least one pixel which adjoins this pixel to each aforementioned pixel, and was generated is impressed 
for in the drive method according to claim 9. 

[0024] Moreover, this invention drive method according to claim 1 1 is characterized by what drive frequency which 
the picture to display judges an animation or a still picture, and impresses the aforementioned signal level only when it 



is a still picture is made into less than 60 Hertz for in the drive method according to ^l^im ^ c)r 10^ 

[0025] According to this drive method, power consumption can be reduced rationally, without reducing display 

?S Then the composition of this invention image display equipment using the above-mentioned display device is 
Sed lifset ^^^^^ pixel in which this invention image display equipment according to claim 12 has a light 
mStion m^Ta^ira pixeUlectt^^^^ Among at least one pixel which a specific pixel is chosen as from the 

based on the signal received from the aforementioned signal transformation means. 

rOOrTlXLtrdiis invention according to claim 1 3 is set to image display equipment according to claim 12. It has a 
flle li^afStbn me^ by which the aforementioned image display equipment generates further the flag si^a^ 
^tii Srem^^^^ information judges a still picture or an animation. The aforementioned confrol 

metlJ^^eiv^ a from the aforementioned signal transformation means and a flag si^al generation 

me^s ^d when the aforemLtioned image information is a still picture, it is characterized by what the 
So^meS voUage impression means is controlled for to drive on low frequency rather than the tmie of an 



S Low-power-ization can be attamed with suppression of a flicker, without reducing the display quality of an 

^T^t'iir^s^^^^^^^^ to claim 14 is characterized by what ^e light modulation medium of the 

Aforementioned display device is liquid crystal in image display equipment according to claim 12 or 13. 

[Embodiments of the Invention] The gestah of operation of this invention is explained through the example at the time 

ad^oms Here, the liauid crvstal display element of this example is carrying out 

electrode is constiWted from the drive elecfrode and the common electroae 
h^h^™Te) TFT (thin fihn L^stor) which controls a drive electrode, TN Hquid crystal which is a light 
m'odlSil™^^^^^ film which regulates the orientation of TN Uquid crystal were prepared 

?Sm\lt?m^^^^^^^ electrode and TFT are formed on one substrate (it considers as tiie 1st substrate), 
Se Ikufrc^^^^^^^ film is fiirther formed on it. On the other hand, a common electrode is fonned ni 

^ot^er Sate (It considers as the 2nd substrate) at least, and the liquid crystal orientation - ^^^^ on U^^^^^ 
Hauid crvstal is closed between the substrates of these couples, a polanzing plate is arranged fiirther at both the lateral 
See ofte suttrnr^^^ and it is made for each polarization direction to have intersected perpendicularly 

mS So4 14^^^^^^^ In addition, between the substrates of a couple, a light filter etc. IS arranged If needed, 
mm?^ AuUu^Sie D^^^^^^^ A and B in the liquid crystal display element of the above-mentioned structure consist of a 
Sl^?^^^^^^ a liquid crystal ori^tation film, they are not drawing each component clearly 

?^0&is'£S °Ss' l 1 and 13 of Pixels A and B show the direction of orientation of the liquid crys^l 
StonfiliSSind subsLe (it turns on viewing side) front face, respectively, and signs 10 and 12 show the 
Sfon of o^^^^^^ liquid ciystal orientation film of the 1st substrate front face, respecUvely. As shown m 

S r/gT f A (^^^^^^^ 10 and 1 iTis TN mode, and it is constituted so that a liquid crystal molecule may carry out 
oXS^^^ 90 degrees. On the other hand. Pixel B (signs 12 and 13) is birefringence mode, and it is constituted so 
that a Hauid crvstal molecule may carry out twist orientation 45 degrees. 

m0351 FuSS^ this example, it has considered as the image display equipment with which one display unit 
Sd o?:™xd A and a pixel'B.'The control means which specifically ^^^l^^f ^.^^^^^^^^^ 
means to impress a signal level) so that the same picture element is displayed on Pixel A and ^^^^ ^ P^^^^^ 
100361 The property view which expresses the relation between the applied voltage of Pixels A and B and brightness to 
Eel is hovm Pi^el A is the so-called normally white mode in which brightness falls as are shown m die 
S^rightoercm^e 16. and it is in the Ming state and applied voltage increases at the time of non-elecmc A^^^^^ 
Sn die other hand. Pixel B i^ the so-called normally black mode which brightness goes up as are shown m the voltage- 



brightness curve 17, and it is in a dark state and applied voltage increases at the time of non-electnc field. Therefore, 
when the same image information as Pixel A and Pixel B is displayed, since apparent bnghtness compounds the 
brightness curve of Pixel A and Pixel B, it becomes always fixed, and a flicker does not produce it. 
[0037] Here the relation between the signal level impressed to Pixels A and B and output light, i.e., gamma 
characteristics, usually differs. Therefore, in order to make it become the same brightness, it is necessary to mipress 
different voltage which was ahke, respectively and was set up beforehand. For example, if it assumes that the intensity 
level of a pixel is middle 0.5 exactly in the gradation display of 0- 1 , if the voltage of 2.6 volts is impressed to 3 volts 
and Pixel B at Pixel A, the brightness of Pixel A and Pixel B will become the same, for example. 
[0038] After making TFT into an ON state and impressing a signal level to a liquid crystal layer at drawing 3 , time 
change of the brightness at the time of considering as an OFF state is shown. Since the charge stored in the liquid 
crystal layer will discharge gradually by the resistance component of a liquid crystal layer if a signal level is impressed 
to a liquid crystal layer as of 0 second of a time-axis (horizontal axis), and 0.2 seconds as shown in drawing 3 , the 
voltage actually impressed to the liquid crystal layer falls gradually like a curve 21. Although brightness falls gradually 
according to the fail of the voltage according to electric discharge like a solid line 18 in the brightness of Pixel A at this 
time, in Pixel B, brightness goes up gradually with the fall of voltage like a dashed line 19. Therefore, the apparent 
brightness which added the brightness of both pixels becomes Uke an alternate long and short dash line 20, and hardly 

cll 311^68 

[0039] It is checked that the flicker prevention effect is acquired here as long as the relation to which the direction of a 
brightness change of a ****** pixel with time becomes reverse even if the absolute value of brightness variation is not 
the same, i.e., the relation to which the differential coefficient sign of the brightness variation of a ****** pixel with 
time becomes reverse, is materialized in the example shown in drawing 3 , although the absolute value of the 
brightness variation in a relation with the elapsed time in Pixels A and B is ahnost the same. 
[0040] Moreover, when were observed using the conventional display device which consisted of only pixels of a 
normally white mode, for example and write-in frequency was lowered to less than 60 Hertz, the flicker gave 
displeasure to those who see in **** at the time of a halftone display. On the other hand, in the display device of this 
invention, since the amplitude of time change of brightness was stopped like drawing 3 , even if it dropped frequency 
to 5 Hertz, a flicker has not been sensed. 

[0041] In addition, in the above-mentioned example, since the display unit was constituted from two pixels, the part 
and display unit density fall. However, even if it lowered write-m frequency to 1/12, sufficient display quahty was 
obtained, and it has checked that this lowered power consumption to one sixth. 
[0042] [Other matters] 

(1) If a signal ttansformation means to change image mformation into this at a picture signal, and the control means 
which control the voltage impression means of the aforementioned display device based on the signal received from 
the signal transformation means are incorporated using the display device of this invention and image display 
equipment is constituted, there is few flicker and they can realize image display equipment with little power 
consumption. 

[0043] Furthermore, if it is made to write in on low frequency rather than the time of an animation when a flag signal 
generation means to generate the flag signal with which image information judges a still picture or an anunation is 
added to this image display equipment and the signal from a flag signal generation means expresses the still picture 
with it, image display equipment with still less power consumption can be constituted. Here, as a criterion of a still 
picture or an animation, the criteria of MPEG4 which is the Intemational Standard of the information-compression 
method of mobile communications, for example are followed. Since it is the specification use is expected to be with the 
cellular phone of the next generation etc. and the information about the movement of a picture is included by this 
specification, MPEG4 can use this information for the judgment of a still picture or an animation. 
[0044] In addition, since a circuit is complicated for the judgment and power increases, it is not desirable to judge an 
animation or a still picture by the display device side. Therefore, it is desirable to make the circuit (a signal 
fransformation means and flag signal generation means) which distinguishes and processes an animation and a still 
pictiire to equipments other than a display device (electronic equipment side) simultaneously witii fransmission of 
image information provide. If it does in this way, since the drive frequency between a still picture and an aniniation can 
be made to change smoothly, reduction of power consumption and improvement in display quality can be attained 
simultaneously. Especially this composition is useful in the carried type elecfronic equipment driven by the battery. 
[0045] (2) According to this invention, the display of quality sufficient by less than 60 Hertz for the display of a still 
picture is possible. However, for the furtiier reduction in power, it is good to consider [ less than 30 Hertz ] as less than 
10 Hertz more preferably. In addition, since some of power consumption does not become a problem in a pocket 
device, large-sized image display equipments, such as a personal computer driven with a general power supply, have 



I 

the small need of changing frequency with an animation and a still picture. 

[0046] The smallest unit which can carry out a voltage drive on these specifications in time is called (3) with a pixel, 
and the unit of image display is called a display unit. And the above-mentioned example showed the example which 
constitutes one display unit from two adjoining pixels. However, this invention which makes a component the relation 
to which the differential coefficient sign of the brightness variation of the adjoining pixel with time becomes reverse 
demonstrates the operation effect, even if 1 pixel is a display unit. The image information as which this reason is 
displayed on the adjoining pixel that the amplitude of time change of brightness itself is suppressed according to this 
invention and when the most is because the pixels which adjoin even if it does not almost perform the same **** and 
control special so function in many cases as 1 display unit substantially. 

[0047] (3) Moreover, also by the case of a simple matrix drive, although the above-mentioned example showed the 
example of the liquid crystal display element of an active drive, since the situation that the brightness at the time of 
selection changes at the time of un-choosing is the same, in a simple matrix drive, the same operation effect as the 
above is acquired. 

[0048] (4) Further, although the above-mentioned example showed the example of a liquid crystal display element, 
appUcation of this invention is not limited to a liquid crystal display element. As display devices other than a liquid 
crystal display element, a ****** display (EPID) can be illustrated, for example. Although a ****** display is a 
method which is made to move the particle in colored liquid on voltage, changes a color and carries out image display 
between the color of a particle, and the color of Uquid, in this ****** display, a normally white and the Nomar Lee 
coloring (for example, black) interchange by voltage polarity. Therefore, making reverse the differential value of time 
change of output light comes out by reversing polarity between adjacent pixels. That is, this invention can be applied 
and, thereby, this invention predetermined operation effect is acquired. 

[0049] Moreover, the digital mirror device (DMD) which leans and carries out light modulation of the minute mirror 
by voltage impression as other examples can be illustrated. In a digital mirror device, since a minute mirror 
corresponds to a pixel, a normally white and a normally black can be changed by changing the installation angle of an 
adjacent mirror. That is, like the above, this invention can be applied and the same operation effect as the above can be 
acquired by application of this invention. 
[0050] 

[Effect of the Invention] Since adjoining pixels compensate brightness change mutually according to this invention as 
explained above, there is few ampUtude accompanying brightness change. Therefore, since according to this invention 
it is hard to produce a flicker even if it lowers drive frequency, the display device which was excellent in low power 
consumption at display quality is realizable. 
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CLAIMS 

[Claim(s)] 

[Claim 1] It is the display device characterized by what it is the display device characterized by to provide the 
following, and each pixel in the aforementioned pixel set group consists of relations from which the sign of differential 
coefficient df(t)/d (t) which differentiated real variable function f (t) showing with-time change of the output light 
intensity after the aforementioned signal level was impressed among at least one adjoining pixel becomes reverse 
mutually for. The set group of a pixel which has a light modulation medium and a pixel electrode. A voltage 
impression means to choose a specific pixel from the aforementioned pixel set group one by one, and to impress the 
signal level according to the picture signal 

[Claim 2] The aforementioned voltage impression means is a display device characterized by what the display unit 
which displays the same picture element consists of two adjoining pixels which stand on the relation in which the sign 
of aforementioned differential coefficient df(t)/d (t) becomes reverse mutually in the display device of a claim 1, and 
the signal level according to the picture signal the whole display unit concerned is impressed for. 
[Claim 3] The display state at the time of the non-electric field of two pixels which constitute a display unit in the 
display device of a claim 2 is a display device characterized by what one side is in the Ming state and another side is in 
a dark state. 

[Claim 4] The display device characterized by what a light modulation medium is liquid crystal in a claim 1 or the 
display device of 3. 

[Claim 5] The display device characterized by what consists of relations in which the sign of differential coefficient df 
(t)/d (t) to which all the pixels adjoined in the aforementioned pixel set group differentiated real variable frinction f (t) 
showing with-time change of the output light intensity after the aforementioned signal level was impressed in the 
display device of a claim 1 becomes reverse mutually. 

[Claim 6] The aforementioned voltage impression means is a display device characterized by what the display unit 
which displays the same picture element consists of two adjoining pixels which stand on the relation in which the sign 
of aforementioned differential coefficient df(t)/d (t) becomes reverse mutually in the display device of a claim 5, and 
the signal level according to the picture signal the whole display unit concerned is impressed for. 
[Claim 7] The display state at the time of the non-electric field of two pixels which constitute a display unit in the 
display device of a claim 6 is a display device characterized by what one side is in the Ming state and another side is in 
a dark state. 

[Claim 8] The display device characterized by what a light modulation medium is liquid crystal in a claim 5 or the 

display device of 7. 

[Claim 9] A specific pixel is chosen from the set group of a pixel which has a light modulation medium and a pixel 
electrode, and the aforementioned pixel set group one by one. Among at least one pixel which is equipped with a 
voltage impression means to impress the signal level according to the picture signal, and each pixel in the 
aforementioned pixel set group adjoins It is the drive method of driving the display device which consisted of relations 
in which the sign of differential coefficient df(t)/d (t) at the time of differentiating real variable function f (t) showing 
with-time change of the output hght intensity after the aforementioned signal level was impressed becomes reverse 
mutually. The drive method characterized by what drive frequency which impresses the aforementioned signal level is 
made into less than 60 Hertz for. 

[Claim 10] The drive method of the display device characterized by what the signal level which the gamma 
characteristics which specify the correspondence relation between a picture signal and a signal level were changed with 
at least one pixel which adjoins this pixel to each aforementioned pixel in the display device of a claim 9, and was 
generated is impressed for. 

[Claim 11] The drive method which the picture to display judges an animation or a still picture, and is characterized by 
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what drive frequency which impresses the aforementioned signal level is made into less than 60 Hertz for in a claim 9 
or the display device of 10 only when it is a still picture. 

[Claim 12] Image display equipment characterized by providing the following. The set group of a pixel which has a 
light modulation medium and a pixel electrode. A voltage impression means to choose a specific pixel from the 
aforementioned pixel set group one by one, and to impress the signal level according to the picture signal. The display 
device which consisted of relations in which the sign of differential coefficient df(t)/d (t) at the time of differentiating 
real variable function f (t) which expresses with-time change of the output light intensity after the aforementioned 
signal level was impressed among at least one pixel which each pixel in ****** and the aforementioned pixel set group 
adjoins becomes reverse mutually. A signal transformation means to change image information into a picture signal, 
and control means which control the aforementioned voltage impression means based on the signal received from the 
aforementioned signal transformation means. 

[Claim 13] It is image-display equipment characterized by what it has a flag signal generation means generate the flag 
signal with which, as for the aforementioned image-display equipment, the aforementioned image information judges a 
still picture or an animation further in the image-display equipment of a claim 12, the aforementioned control means 
receive a******** signal from the aforementioned signal-transformation means and a flag signal generation means, 
and the aforementioned voltage impression means controls for to drive on low frequency rather than the time of an 
animation when the aforementioned image information is a still picture. 

[Claim 14] Image display equipment characterized by what the light modulation medium of the aforementioned display 
device is liquid crystal in a claim 12 or the image display equipment of 13. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a mimetic diagram for explaining the display device of this invention. 

[Drawing 2] It is a voltage-brightness property view for explaining the principle of this invention display device. 
[Drawing 31 It is drawing showing the relation between the time after the writing for explaining the principle of this 
invention display device, and brightness. 
[Description of Notations] 

10 12 On the other hand, it is the direction of Uquid crystal orientation on a substrate. 
1113 The direction of liquid crystal orientation on an another side substrate 

14 The Polarization Direction of Polarizing Plate Arranged on the Other Hand at Substrate Side 

15 The Polarization Direction of Polarizing Plate Arranged at Another Side Substrate Side 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 3] 
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